Amyotrophic lateral sclerosis (ALS) is a progressive and fatal neurodegenerative disorder resulting from selective death of motor neurons in the brain and spinal cord. In Ϸ25% of familial ALS cases, the disease is caused by dominantly acting point mutations in the gene encoding cytosolic Cu,Zn superoxide dismutase (SOD1). In cell culture and in rodent models of ALS, mutant SOD1 proteins exhibit dose-dependent toxicity; thus, agents that reduce mutant protein expression would be powerful therapeutic tools. A wealth of recent evidence has demonstrated that the mechanism of RNA-mediated interference (RNAi) can be exploited to achieve potent and specific gene silencing in vitro and in vivo. We have evaluated the utility of RNAi for selective silencing of mutant SOD1 expression in cultured cells and have identified small interfering RNAs capable of specifically inhibiting expression of ALS-linked mutant, but not wild-type, SOD1. We have investigated the functional effects of RNAi-mediated silencing of mutant SOD1 in cultured murine neuroblastoma cells. In this model, stable expression of mutant, but not wild-type, human SOD1 sensitizes cells to cytotoxic stimuli. We find that silencing of mutant SOD1 protects these cells against cyclosporin A-induced cell death. These results demonstrate a positive physiological effect caused by RNAi-mediated silencing of a dominant disease allele. The present study further supports the therapeutic potential of RNAi-based methods for the treatment of inherited human diseases, including ALS.
A myotrophic lateral sclerosis (ALS) is an age-dependent, paralytic disorder resulting from selective death of motor neurons in the brain and spinal cord. ALS is characterized by progressive muscle weakness and atrophy and is usually fatal within 5 years of clinical presentation (1) . Although the majority of ALS cases are sporadic, Ϸ10% of cases are familial (FALS) and display autosomal dominant inheritance (2) . Approximately 25% of FALS cases are caused by mutations in the gene encoding the cytosolic Cu,Zn superoxide dismutase (SOD1) (3) , an abundant cellular homodimeric enzyme whose normal function is the scavenging of superoxide radicals. To date, Ͼ100 FALS-linked mutations in human SOD1 have been identified (4) , and the vast majority of these are missense mutations resulting in single amino acid substitutions.
Both the association of SOD1 mutations with dominantly inherited human disease and compelling data gleaned from expression of FALS-linked mutant SOD1 in experimental model systems suggest that mutant SOD1 causes ALS through an acquired toxic property (or properties) of the mutant proteins. Transgenic mice (5-7) and rats (8) that express clinically relevant forms of mutant human SOD1 quite remarkably recapitulate the major features of the disease; in contrast, mice in which endogenous SOD1 expression has been eliminated by means of targeted deletion develop normally and do not exhibit ALS-like symptoms (9) . Further, in vitro studies demonstrate that forced expression of mutant, but not wild-type, SOD1 promotes apoptosis in cultured rodent primary motor neurons (10) and neural-derived cell lines (11, 12) . Both in vivo and in vitro model systems have provided valuable tools for the dissection of mutant SOD1-mediated pathology; nevertheless, the molecular etiology of ALS is not yet understood.
In cell culture and in rodent models of ALS, mutant SOD1 proteins exert dose-dependent toxic effects (5, 13, 14) ; inhibition of mutant SOD1 expression therefore represents an attractive target for therapy. Therapeutic inhibition of mutant SOD1 could be feasible by using RNA-mediated interference (RNAi), an evolutionarily conserved mechanism for sequence-specific posttranscriptional gene silencing in which double-stranded RNAs promote selective degradation of homologous cellular mRNAs (15, 16) . RNAi mediated by endogenous noncoding RNAs has been shown to function in eukaryotic development, in defense against viruses and transposons, and in maintenance of chromatin structure (17) .
RNAi is mediated directly by short RNA duplexes of Ϸ21-23 nucleotides, termed small interfering RNAs (siRNAs), which target cognate cellular mRNAs for degradation by recruitment to a ribonuclease-containing complex (RNA-induced silencing complex, or RISC) (18-20). RNAi-mediated inhibition of specific gene expression has been achieved in cultured mammalian cells by using synthetic 21-nt siRNA duplexes (21, 22) or intracellular expression of short hairpin RNAs (shRNAs) (23) . The ability of shRNAs encoded from DNA vectors to promote RNAi has greatly enhanced the therapeutic potential of this approach and has led to the development of viral vector systems that permit persistent gene silencing in cultured cells and in mice (24) (25) (26) .
A critical feature of the RNAi technology is its exquisite specificity: a single base mismatch between an siRNA and its target mRNA can abolish silencing (21, 23) . In recent months, several studies have reported RNAi-mediated inactivation of dominant disease alleles differing from their wild-type counterparts by a single nucleotide (27, 28) , and one report demonstrated specific inhibition of mutant SOD1 alleles (29) . The present study confirms and extends these observations and identifies previously uncharacterized siRNA sequences for selective silencing of FALS-linked mutant SOD1. In addition, we sought to validate the RNAi approach in a cell-based model of mutant SOD1-mediated toxicity. We report in this article that selective silencing of mutant SOD1 by RNAi rescues cells from death induced by cyclosporin A (CsA). These results demonstrate that RNAi-mediated silencing of a dominant disease allele, in this case mutant SOD1, can be advantageous to cells and underline the potential value of this approach for the treatment of human disease.
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Materials and Methods siRNA and shRNA Design. siRNA duplexes were purchased from Qiagen (Valencia, CA). shRNA expression constructs were generated by annealing complementary DNA oligonucleotides with sense strand sequence 5Ј-N19-T TCA AGAGAN19antiparallel-3Ј, where N19 is the target sequence in SOD1. Annealed oligonucleotides were subcloned into the pSilencer expression plasmid (Ambion, Austin, TX) and sequenceverified. Two control siRNAs were purchased from Qiagen: an siRNA targeting GFP (22) and a 5Ј-rhodamine labeled nonsilencing siRNA.
Plasmid Construction. Plasmids containing human wild-type or G93A mutant SOD1 cDNAs have been described (30) . We used PCR-based cloning methods to generate SOD1-enhanced GFP (EGFP) reporter plasmids as follows. The coding sequence of wild-type or mutant SOD1 was amplified from cDNA with the primers 5Ј-ATAGGTACCGT TATGGCGACGA AGGC-CGTGTGCGTGCTGAAG-3Ј and 5Ј-TTGTCTAGAGTTG-GATCCT TGGGCGATCCCA AT TACACCACA AGCCA-AACG-3Ј. PCR products were cloned into a pcDNA3-based expression vector containing EGFP as a C-terminal tag (31) . All constructs were sequence-verified before use.
Cell Culture and Transfections. Cells were cultured at 37°C in a humidified chamber containing 5% CO 2 . HeLa cells were maintained in DMEM supplemented with 10% heat-inactivated FBS, 2 mM L-glutamine, 100 units͞ml penicillin, and 100 g͞ml streptomycin. Neuro-2a (N2a) murine neuroblastoma cell lines stably expressing human mutant SOD1 G37R (12, 32) were maintained in DMEM supplemented with 7% FBS, 2 mM Lglutamine, and 400 g͞ml G418. DNA and siRNA transfections were performed with Lipofectamine 2000 (Invitrogen) according to the manufacturer's recommendations and published procedures (33) . HeLa cells, at 60% confluence in 24-well plates, were transfected in serum-free medium (OptiMEM; Invitrogen). For general silencing experiments, cells were transfected with 0.5 g of SOD1-EGFP reporter plasmid, 0.2 g of siRNA, and 0.2 g of pDsRed1-N1 (Clontech; as a control for transfection efficiency) or with 0.2 g of SOD1-EGFP reporter plasmid, 0.6 g of shRNA expression plasmid, and 0.1 g of pDsRed. For allele-specific silencing experiments, we used 0.2 g of SOD1-EGFP reporter plasmid, 0.03 g of siRNA, and 0.1 g of pDsRed. Silencing efficiency was monitored in live cells by fluorescence microscopy at 24, 48, and 72 h after transfection, and cells were harvested at 60-72 h. SOD1
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N2a cells, at 2 ϫ 10 4 cells per well in 96-well plates, were transfected with 0.1 g of siRNA per well. N2a cells were transfected in growth medium (described above), including serum but without G418. Transfection efficiency of siRNA into N2a cells was estimated by using a rhodamine-labeled nonsilencing siRNA (Qiagen) and found to be Ͼ70% (data not shown).
Immunoblotting. Total cell protein extracts were prepared by lysing cells in RIPA buffer (50 mM Tris, pH 8͞150 mM NaCl͞1% Triton X-100͞10 mg/ml NaDeoxycholate͞1 mg/ml SDS) supplemented with 2 mM EGTA, 1 mM PMSF, and Complete protease inhibitor tablets (Roche Diagnostics). Proteins were quantified by using the bicinchoninic acid (BCA) protein assay kit (Pierce). For immunoblotting, 10 to 20 g of total cell lysate was fractionated by SDS͞PAGE and transferred to poly(vinylidene difluoride) membrane (Immobilon-P; Millipore). SOD1 and SOD1-EGFP fusion proteins were detected by using sheep anti-SOD1 antibody (Calbiochem) followed by horseradish peroxidase-conjugated anti-sheep IgG (Rockland, Gilbertsville, PA). For loading controls, blots were probed with mouse monoclonal anti-␤-tubulin antibody followed by horseradish peroxidase-conjugated anti-mouse IgG (Sigma). Bound antibodies were detected by using the SuperSignal West Dura kit (Pierce), and blots were visualized and quantified by using a Fluor-S MultiImager and MULTIANALYST software (Bio-Rad).
Fluorescent Imaging and Analysis. For HeLa cell experiments, silencing efficiency was monitored in live cells by visual comparison of GFP fluorescence; transfection efficiency was confirmed by comparison of DsRed fluorescence. GFP and DsRed fluorescence in transfected cells was measured by using a Victor 2 5 multilabel plate reader (Perkin-Elmer) with excitation͞emission filters at 485͞510 nm and 560͞590 nm, respectively (data not shown). For N2a experiments, viable cells were visualized after a 30-min exposure to 0.4 M Calcein acetoxymethyl ester (AM) (Molecular Probes). All cells were analyzed and photographed with a Leica DM IL inverted microscope equipped for phase contrast and fluorescence and fitted with a Leica DC300 F cooled digital camera.
N2a Survival Assays. N2a cells that stably express human SOD1 G37R (12, 32) were transfected with siRNA as described above. After a 24-hour incubation, to permit recovery and activation of the RNAi pathway, the growth medium was removed and replaced with serum-free medium. Forty-eight hours after transfection, CsA (Calbiochem) was added to culture medium at 0, 7, and 10 g͞ml. Cells were treated with CsA for 24 h, and visual estimation of cell viability was assessed by using fluorescence microscopy as described above. Survival was quantified by using the WST-1 viability kit (Roche Diagnostics) according to the manufacturer's recommendations. The WST-1 assay yields a colorimetric signal that directly correlates with the number of viable cells; the assay was calibrated on each experiment day to ensure that readings were within the linear range. WST-1 assay results were measured by using a Victor 2 5 multilabel plate reader (Perkin-Elmer) with a 420-nm photometry filter. Survival was defined, within each transfection experiment, as the ratio of CsA-treated to untreated cells. Statistical analysis of survival data were performed by using ANOVA, followed by multiple pairwise comparisons by using Student-NewmanKeuls test. For immunoblot analysis of SOD1 protein levels in these experiments, untreated (no CsA) cells were harvested at the end of the experiment (72 h after transfection).
Results
RNAi-Mediated Silencing of SOD1. We first identified siRNA sequences that permit potent and selective silencing of human SOD1 fused to EGFP (SOD1 WT -EGFP). siRNAs were designed to target three distinct regions of the human SOD1 (HSOD) coding sequence (Fig. 1A) : an upstream region, HSOD-124; a central region, HSOD-266; and a downstream region, HSOD-370. To control for silencing specificity, we designed an additional siRNA that targets rat SOD1 (RSOD) at the region defined by HSOD-124; we termed this siRNA RSOD-124. The sequences of HSOD-124 and RSOD-124 differ at three nucleotide positions (Fig. 1 A) . These four siRNAs were tested for their ability to silence the SOD1 WT -EGFP fusion protein in transient transfection in HeLa cells. As shown in Fig. 1B , HSOD siRNA-transfected cells exhibited a marked reduction in SOD1 WT -EGFP fluorescence (Fig. 1B Bottom Left, HSOD-370 ). All three siRNAs matching the human SOD1 sequence inhibited SOD1 WT -EGFP expression by Ͼ90% (Fig. 1C Upper, upper band) and reduced endogenous SOD1 by Ͼ50% (Fig. 1C Upper, lower band and data not shown). Inhibition of SOD1 WT -EGFP was similar to that obtained by using a validated siRNA directed against EGFP (22) . In contrast, cells transfected with the rat-specific siRNA RSOD-124 showed no evidence of silencing and contained SOD1 WT -EGFP levels comparable to control ( Fig. 1 B Middle Left and C, lane 3) .
Although synthetic siRNAs can act as potent inducers of RNAi-mediated gene silencing, their utility is limited to transient transfection experiments in cultured cells. This constraint has been overcome by the development of DNA vector-based systems that permit intracellular expression of shRNAs, which structurally resemble siRNAs and function in the RNAi pathway (23, 34) . To assess whether the sequences we selected would function effectively as shRNAs, we designed DNA oligonucleotides based on the sequences of our SOD1 siRNAs (Fig. 1D and Materials and Methods) and cloned the annealed DNA duplexes into the pSilencer expression vector (Ambion). Silencing plasmids were cotransfected with SOD1-EGFP reporter constructs into cultured HeLa cells, and inhibition of SOD1-EGFP expression was assayed by using fluorescence microscopy (data not shown) and immunoblotting (Fig. 1D) . Our results show that, like siRNAs, intracellularly expressed shRNAs efficiently silence human SOD1 in vitro.
Allele-Specific Silencing of FALS-Linked SOD1 G93A . We next investigated whether silencing mediated by our siRNAs could discriminate between wild-type and mutant alleles of SOD1, which differ by a single nucleotide (Fig. 2) . Among the siRNAs used above, HSOD-266 (Fig. 1 A) contains the site of the FALSlinked G93A mutation. This allele contains a G 3 C mutation (Fig. 2 A) . In addition, because several reports have suggested that selectivity in RNAi-mediated silencing is sensitive to the position of the mismatched nucleotide within the siRNA (21, 27, 35), we designed a second siRNA, HSOD-273, in which the site of mutation is more centrally placed, and synthesized both the wild-type and G93A-mutant versions. The sequences of the four siRNAs used in these experiments, and the position of the G 3 C mismatch, are shown in Fig. 2 A. As before, we monitored silencing by using reporter constructs containing either the human SOD1 WT or SOD1 G93A coding sequence fused to EGFP. We assessed efficiency and selectivity of silencing by fluorescence microscopy (Fig. 2B ) and immunoblotting (Fig. 2C ). Our results demonstrate that both HSOD-266 and HSOD-273 mediate potent silencing of SOD-EGFP and that these siRNAs exhibit selectivity for the matched allele (Fig. 2 B and C, compare Upper and Lower in each). As determined by quantitative immunoblotting, HSOD WT 266 reduced human SOD1 WT -EGFP levels by Ϸ80%, but reduced SOD1 G93A -EGFP by only Ϸ30% (Fig. 2D) ; conversely, HSOD G93A 266 silenced the mutant allele preferentially, reducing SOD1 WT -EGFP levels by only Ϸ30% and SOD1 G93A -EGFP by Ͼ70% (Fig. 2D) . HSOD WT 273 exhibits complete (Ϸ90%) silencing of SOD1 WT -EGFP and partial (Ϸ50%) silencing of SOD1 G93A -EGFP, whereas HSOD G93A 273 showed the least selectivity, reducing SOD1 WT -EGFP by Ϸ70% and SOD1
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-EGFP by Ͼ85%. These results confirm previous observations that not all siRNAs are equally proficient at discriminating between alleles differing by a single nucleotide, yet some siRNAs exhibit remarkable selectivity. The HeLa cells used in these experiments contain endogenous (wild-type) human SOD1 and, when transfected with SOD1 G93A -EGFP, mimic the heterozygous state. Thus, in the presence of wild-type protein, HSOD G93A 266 potently silences the mutant allele (Fig. 2C Lower, lane 5 ), yet fails to silence the SOD1 WT -EGFP reporter protein (Fig. 2C Upper, lane 5) or the endogenous SOD1 (data not shown). In contrast, HSOD WT 273 and HSOD G93A 273 each demonstrate considerable inhibition of expression of the noncognate allele (Fig. 2C, lanes 6 and 7) . In our experiments, HSOD-266 clearly shows the best selectivity for silencing the SOD1 G93A allele. We confirmed the selectivity of silencing by these siRNAs by testing the sequences shown in Fig. 2 A in the plasmid-based shRNA system described above, and we obtained similar results (data not shown). These experiments show that HSOD G93A -266 preferentially inhibits expression of the FALS-linked SOD1 G93A allele.
Functional Analysis of RNAi-Mediated Silencing of Mutant SOD1.
The above results confirm that RNAi can be used to achieve selective and potent silencing of dominantly inherited disease alleles and identify siRNA sequences for specific inactivation of the SOD1 G93A allele. Ultimately, we will use these sequences to test the therapeutic utility of RNAi-mediated gene silencing in ALS model mice, which express the human SOD1 G93A allele (5). In the interim, we sought to validate the RNAi approach in a cell-based model of mutant SOD1-mediated toxicity. Several studies have shown that expression of mutant SOD1 exerts toxic effects on cultured cells (11, 12) . We investigated the biological effects of RNAi-mediated silencing of SOD1 in a mouse neuroblastoma (N2a) cell line that constitutively expresses high levels of FALS-linked mutant human SOD1 (SOD1 G37R ) (12, 32) . In this system, overexpression of SOD1 G37R does not affect cell viability under normal culture conditions but renders cells more sensitive to cytotoxic stimuli (12) .
The SOD1 G37R N2a cells have been extensively characterized and shown to exhibit enhanced sensitivity to cell death induced by CsA (P.P., L. Van Den Bosch, B. Stockwell, S. Sarang, S. Kohnstamm, S. Kaplan, E. Wilkes, V. Vleminckx, S. Gullans, W. Robberecht, and R.H.B., unpublished data). In these cells, Ͻ60% of SOD1 G37R cells survive treatment with 7 g͞ml CsA, whereas SOD1 WT cells show Ͼ80% survival. At higher concentrations, CsA-induced toxicity is less selective for SOD1 G37R -expressing cells, with SOD1 WT cells exhibiting Ϸ45% and SOD1 G37R Ͻ30% viability after treatment with 10 g͞ml CsA (P.P., unpublished data, and data not shown).
RNAi-Mediated Inhibition of Mutant SOD1 Rescues CsA-Induced Cell
Death. If CsA-induced killing of SOD1 G37R N2a cells is enhanced by expression of the SOD1 G37R protein, we reasoned that a reduction in mutant protein levels would lessen the cells' sensitivity to this drug. We tested the effects of the siRNAs shown in Fig. 1 on CsA-induced toxicity in SOD1 G37R N2a cells. To ensure selective silencing of the mutant (human) SOD1 G37R , but not the endogenous wild-type (mouse) SOD1, we used the HSOD-266 and HSOD-124 siRNAs (see Fig. 1 ). The sequences of these siRNAs differ at 3 or more nucleotide positions from mouse SOD1 (Fig. 3A) . We modified the CsA assay to include transfection of siRNAs 48 h before treatment with CsA (see Materials and Methods). In initial experiments, we used the fluorescent dye Calcein AM to stain viable cells and assessed survival by using fluorescence microscopy. Transfection with two siRNAs directed against human SOD1, HSOD-266, and HSOD-124 decreased toxicity in CsA-treated cells, whereas transfection with a control (GFP) siRNA did not (Fig. 3) . Results from a typical experiment are shown in Fig. 3 ; we consistently observed a greater number of surviving cells after CsA treatment in HSOD1 siRNA-transfected samples (Fig. 3B , right columns) than in mock-or control siRNA-transfected samples (Fig. 3B,  left columns) .
In these experiments, Calcein AM proved unsuitable for fluorimetric analyses because of the variability in staining intensity observed among samples with large differences in cell number (Fig. 3 and data not shown) . We therefore used a second assay for cell viability (WST-1 assay, see Materials and Methods) to quantify the results shown in Fig. 3 . The quantitative effects of RNAi-mediated silencing of SOD1 G37R on cell survival are shown in Fig. 4A . After treatment with 7 g͞ml CsA, HSOD-266 or HSOD-124 siRNA-transfected SOD1
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N2a cells exhibit 85-95% survival compared with 60-65% for mock-or control (GFP) siRNA-transfected cells (Fig. 4A) . Thus, transfection of HSOD1 siRNA results in a 20-30% increase in survival in CsA-treated SOD1 G37R N2a cells. One-way ANOVA of these data was significant (F ϭ 8.61, P ϭ 0.005); multiple comparison tests of the differences between groups (mock vs. H-124, GFP vs. H-124, mock vs. H-226, and GFP vs. H-226) were significant by the Student-Newman-Keuls test (P Ͻ 0.05). We also observed increased cell survival in HSOD1 siRNA-transfected cells at high (10 g͞ml) CsA concentration (data not shown); however, this effect was less consistent. This result is not surprising given that both SOD1 WT and SOD1
N2a cells exhibit considerable cell death at this dose.
Under these experimental conditions, we achieved a 50-70% reduction in SOD1 G37R protein levels in cells transfected with HSOD1 siRNAs, as determined by immunoblotting. Fig. 4B shows representative immunoblots from the siRNA transfection experiments shown above, and results from two independent experiments are quantified in Fig. 4C . Importantly, introduction of HSOD-266 or HSOD-124 siRNAs did not significantly affect levels of the wild-type (mouse) SOD1 in these cells (Fig. 4C) . A third siRNA (HSOD-370), which silences both human and mouse SOD1, yielded inconsistent results in this assay (data not shown). These results demonstrate that selective, RNAimediated reduction of mutant SOD1 protein levels can confer a significant survival advantage on cultured cells, and they further validate RNAi-based approaches to disease therapy.
Discussion
Gene silencing by RNAi has emerged as a promising candidate for treatment of dominantly inherited human disease. The potency and selectivity of this approach has recently been documented for several dominant disease genes (27, 28) , including SOD1. Our findings confirm and extend the recent report of Ding et al. (29) , which described RNAi-mediated, allele-specific silencing of the SOD1 G85R and SOD1 G93A alleles. In the present study, we have identified a previously uncharacterized siRNA that permits allele-specific silencing of the FALS-linked SOD1 G93A allele. In addition, we now document an important functional corollary to the inhibition of disease gene expression by using RNAi: the rescue of N2a cell death mediated by mutant SOD1 after exposure to CsA.
RNAi-mediated gene silencing is a sequence-specific process. This specificity may be critical to effective therapy for mutant SOD-mediated FALS, because even though loss of SOD1 does not cause ALS, the wild-type protein performs important cellular functions (9, 36) . Our results indicate that some siRNAs can discriminate between wild-type and mutant alleles of SOD1 but that not all siRNAs exhibit comparable selectivity. Of the siRNAs we tested for allele-specific silencing, HSOD G93A 266 demonstrates the greatest degree of selectivity for its cognate allele, SOD1 G93A -EGFP. This finding is somewhat surprising, given that several reports have suggested that selective silencing of alleles differing by a single nucleotide is more easily achieved when the mismatched base is located near the center of the siRNA (28, 29) . In our HSOD-266 siRNAs, the mismatched nucleotide resides near the 3-Ј terminus of the sense strand. Nevertheless, in our experiments, this siRNA exhibits greater selectivity for silencing of the cognate allele than does HSOD-273, which closely resembles a recently described shRNA for specific inactivation of SOD1 G93A (29) . The list of guidelines for siRNA design is rapidly evolving; however, our results suggest that straightforward application of design rules will not always yield the best (i.e., most potent and͞or selective) siRNA for every experiment. These findings underscore the importance of empirical testing of multiple siRNAs to identify the optimal sequence for a particular application.
Our data show that selectively silencing mutant SOD1 without altering wild-type protein levels has a positive effect on survival in a cell culture-based model of mutant SOD1-mediated toxicity.
In our experiments, a 50% reduction in mutant SOD1 protein levels was sufficient to rescue CsA-induced cell death. This finding is consistent with previous reports establishing that mutant SOD1-mediated toxicity is dose-dependent in vitro and in vivo. Disease phenotype in mutant SOD1 transgenic animals, for instance, depends on transgene copy number, and mice with high transgene copy number display pathological symptoms at an earlier age and have more rapidly progressing disease than do mice with low transgene copy number (5, 13, 14) . Taken together, these results support the hypothesis that even a partial reduction of mutant SOD1 in vivo could impart a significant therapeutic benefit. The results of the present study provide further support for the development of RNAi-based therapeutics. The long-term, in vivo efficacy of RNAi-mediated silencing can be tested by systemic expression, in ALS model mice, of the siRNA sequences reported here. Notably, viral vectors that permit in vivo delivery of shRNA expression cassettes to the central nervous system recently have been reported (37) . Ultimately, viral delivery of shRNAs in vivo will be critical to the evaluation of RNAi-based approaches for the treatment of dominantly inherited human diseases, including ALS.
